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ABSTRACT 


Transmission electron microscopy (TEM), PCR and sequencing studies can provide important 
evidence about the presence of plastids in pollen grains. Their presence is critical if one proposes to 
develop plastid primers for the amplification of DNA from pollen for species identification. Differential 
interference contrast microscopy (DIC) and TEM were used to investigate the presence of plastids in 
pollen from Juniperus species, a major cause of airborne allergies in North America. Standard PCR 
techniques were used to amplify DNA from the pollen using universal primers targeting known plastid 
DNA genes including the rbcL and species-specific primers targeting the maiK coding regions. Studies 
using TEM confirmed the presence of plastids in Juniperus pollen at three increasing stages of hydration. 
The rbcL and matK genes were successfully amplified using DNA extracted from pollen of J. ashei, J. 
pinchotii and J. virginiana. The results open a wide range of possibilities for using plastid primers in 
general pollen research especially when the interspecific variation among the standard set of nuclear 
genes (for e.g., ITS-1, ITS-2) is minimal. TEM results coupled with PCR results confirmed that plastid 
primers can be used to amplify DNA from pollen of Juniperus. This can be used to study the role of 
plastid DNA in the quantification of airborne, allergenic pollen from various Juniperus sources. 
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Juniperus (Cupressaceae) is regarded as a major source of airborne allergens due to its wide 
distribution and heavy pollen production (Pettyjohn and Levetin, 1997; Bunderson et al., 2012). The 
allergenicity of pollen from J. ashei, J. pinchotii and J. occidentalis are the most significant, while other 
species such as J. virginiana, J. communis, and J. horizontalis are only occasionally reported as allergenic 
(Lewis et al., 1983). 


Light microscopy (LM) has shown that Juniperus pollen grains are spherical when hydrated 
(Nepi et al., 2005). The exine is thin with granules on the surface; the intine is thick; and the protoplast 
appears pentagonal or star-like (Kurmann, 1994). The grains appear inaperturate in the light microscope; 
however, a small pore is visible when the pollen grains are viewed with a scanning electron microscope 
(SEM) (Kurmann, 1994). Although there are some differences in size, pollen grains from various 
Juniperus species cannot be distinguished by LM. In fact, pollen grains produced by members of the 
Cupressaceae are considered morphologically uniform (Lewis et al., 1983; Kurmann, 1994). 
Cupressaceae pollen structure 


Although there have been no specific transmission electron microscope (TEM) studies of 
Juniperus pollen, the ultrastructure of two members of the Cupressaceae, Cupressus sempervirens and 
Cryptomeria japonica, has been studied (Kurmann, 1994; Sudrez-Cervera et al., 2003). These studies 
have primarily focused on the pollen wall layers. The sporoderm of cupressacean pollen consists of a thin 
exine and thick intine that surrounds the protoplast (Sudrez-Cervera et al., 2003; Chichiricco and Pacini, 
2008). The exine ranges from 0.3-0.9 um in thickness (Kurmann, 1994). The outer layer of the exine, the 
ectexine, is made up of granules while the inner layer, the endexine, is more electron dense and lamellate, 
ranging up to 0.5 um in thickness (Kurmann ,1994; Suarez-Cervera et al., 2003). Chichiricco and Pacini 
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(2008) described the detailed structure of the intine of Cupressus arizonica. The intine consists of three 
layers; the outermost layer is thin, homogeneous and rich in pectins. This outer intine layer is highly 
plastic and triples its diameter when hydrated. The middle layer is large, spongy and non-homogeneous. 
This layer is bordered by a mesh of large, branched fibrils and is rich in pectin. The innermost intine layer 
is considered to be the persistent wall of the sporoderm and consists of both cellulose and callose. 


Pollen grains have storage reserves for use after pollen release and during pollen germination. 
These storage reserves can be oils, proteins and/or carbohydrates. Lipids are generally the main reserve 
for entomophilous pollen grains, while anemophilous pollen grains typically have starch as their main 
reserve (Stanley. 1971; Baker and Baker, 1979). Nonetheless, research has shown that the anemophilous 
pollen of the Cupressaceae contain large amounts of Jipids-and few starch grains (Owens, 1993). 


Cupressaceae pollen has both aerodynamic and hydrodynamic properties. The aerodynamic 
properties are related to the small size of the pollen grains, which are readily dispersed by wind over long 
distances. The hydrodynamic properties are related to changes in the sporoderm that occur when pollen 
lands on the pollination drop produced by ovules (Tomlinson and Takaso, 1998; Fernando et al., 2005). 
Cupressaceae pollen swells at first contact with the pollination drop (Tomlinson and Takaso, 1998; 
Fernando et al., 2005), Experiments with J, communis indicated that there are various stages of hydration. 
At stage zero, the pollen was dehydrated, wrinkled and consisted of a star-like protoplast. In the next 
stage, hydration started in the intine, which increased its volume, and then continued to the protoplast. [n 
the subsequent stage, the protoplast underwent complete hydration and became spherical. At this stage, 
the splitting and shedding of the exine was observed. During the final stage, the intine increased in 
volume, the protoplast increased in volume and the outer two layers of intine ruptured and were shed 
(Nepi et al., 2005). The mechanism of pollen rupturing—shedding the exine and parts of the intine when 
it comes in contact with the water, is thought to guarantee an easy entry of the pollen protoplast into the 
ovule (Ottley ,1909; Tomlinson and Takaso, 1998). 

Airborne Cupressaceae pollen: 


Airborne pollen of the Cupressaceae is widely reported (qualitatively and quantitatively) by air 
sampling networks (Caiaffa et al., 1993; Pendell et al., 2008; Sabariego et al., 2012) and has been well 
documented in Oklahoma (Rogers and Levetin, 1998; Levetin and Van de Water, 2003). Several 
Juniperus species that occur in Oklahoma, Texas, and New Mexico have overlapping pollination periods. 
Pollen season start times show considerable year-to-year variability based on local meteorological 
conditions. The pollination season of J. pinchotii starts in late September and lasts through November 
(Levetin et al., 2012; Adams, 2014). Juniperus ashei can start releasing pollen as early as late November 
and continue through early February (Adams, 2014). Juniperus virginiana starts pollinating in early 
February in Tulsa and continues through April (Levetin ,1998: Adams, 2014). Even though Cupressaceae 
pollen is detected by air sampling during these overlapping periods, pollen from different Juniperus 
species cannot be distinguished microscopically (Lewis et al., 1983). In contrast to microscopic analysis, 
some molecular approaches offer opportunities to identify pollen at the species-level. 


Molecular markers 

Nuclear markers have been previously used in molecular studies of pollen grains (Zhou et al., 
2007; Longhi et al., 2009). In contrast, the use of chloroplast markers for pollen studies has been limited. 
In the case of Juniperus species, numerous nuclear genes are available in the NCBI database, but 
interspecific variation is limited (unpublished observations). The low discrimination at the nucleotide 
level among the nuclear genes precludes them as potential sources for species-specific primers. Although 
the number of published chloroplast genes is limited, some variation at the interspecific level is present 
(unpublished observation). 
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Phylogenetic investigations of plastid genes have identified seven commonly used markers. 
Among these seven markers, four are parts of coding genes (mafK, rbcL, rpoB, and rpoC1) and three are 
noncoding spacers (atpF-atpH, trnH-psbA, and psbK-psbl) (CBOLPlantWorkingGroup et al., 2009). The 
matK gene is approximately 1500 base pairs (bp) long and is situated within the intron of the chloroplast 
gene trnK (Hilu and Liang, 1997). The matK gene is the most rapidly evolving of all plastid coding 
regions (CBOLPlantWorkingGroup et al., 2009). The matK gene is the only chloroplast-encoded group II 
intron maturase whose function is to regulate plant development. Expression analysis of the matK gene 
reveals that “genetic buffers” are in operation, which compel its evolution and thus, low intraspecific 
variation is coupled with high interspecific differences (Lahaye et al., 2008). The matK gene has high 
discriminatory power when used in phylogenetic analyses (CBOLPlantWorkingGroup et al., 2009; 
Hollingsworth et al., 2011). The best characterized gene among the plastid regions is the rbcL gene 
(CBOLPlantWorkingGroup et al., 2009). The rbcL gene codes for the large subunit of ribulose-1, 5- 
biphosphate carboxylase (Chase et al., 1993). While rbcL has only modest discriminatory power in 
phylogenetic analyses when compared to matK (CBOLPlantWorkingGroup et al., 2009), it is convenient 
to amplify, sequence, and align in most of the land plants. The primers for rbcL are universal for virtually 
all land plants (CBOLPlantWorkingGroup et al., 2009; Hollingsworth et al., 2011). 

The goals of the current investigation are to confirm the existence of plastids in Juniperus pollen 
through the use of TEM and to determine if plastid-specific primers can be used to amplify pollen DNA. 
A new toolbox for the differentiation of Juniperus plastid genes has the potential to provide a more 
effective means of identifying and quantifying pollen that causes widespread hay fever. 


MATERIALS AND METHODS 


LM and TEM of Juniperus pollen 

Samples of J. ashei pollen were collected from Lampasas, Texas in January 2011, J. pinchotii 
pollen was collected from Sonora, Texas in October 2013 and J. virginiana pollen was collected in Tulsa, 
Oklahoma in March 2014. 


Four samples for each pollen species were prepared for LM with differential interference contrast 
optics (DIC). The pollen from the first sample was not hydrated; whereas, the second and third samples 
were hydrated in water for one hour and 24 hours, respectively. Following hydration, the pollen was 
observed using DIC, The fourth pollen sample from each Juniperus species was stained with IKI (1%) 
solution and then observed using DIC for detection of starch grains.in pollen. 


For TEM studies, three small aliquots of pollen were prepared for each of the species. The first 
aliquot contained pollen without rehydration, the second aliquot was hydrated in deionized (DI) water for 
one hour to stimulate exine rupture, and the third aliquot was hydrated in DI water for 24 to 48 hours. 
The second and third aliquots were centrifuged at 16,004 g for 10 minutes and the supernatant was 
discarded. The pellet, containing pollen with a small amount of water, was pipetted and suspended in 
mini-petri dishes, containing 2% water agar (2g agar per 100 ml water) in the molten state. Similarly, the 
first aliquot of dry pollen was directly added to the liquid agar. After the agar solidified, a small block of 
agar containing pollen was cut from each petn dish. These blocks were fixed overnight in 5% 
glutaraldehyde. The following day. the blocks were washed with 0.1 M sodium phosphate buffer (pH 6.8) 
(a mixture of sodium phosphate monobasic (0.7 g) and sodium phosphate dibasic (1.31 g) added to 100 
ml of water) three times at ten minutes per wash. The pollen blocks were post-fixed for one hour at room 
temperature with 2% osmium tetroxide dissolved in 0.1 M sodium phosphate buffer. The post-fixation 
was followed by the. wash and dehydration steps with ascending concentrations of ethanol, starting from 
25% to 100% for 10 min for each, followed by three steps with 100% acetone. The infiltration step was 
performed with Spurr’s epoxy resin (Spurr, 1969). The following day, the blocks were embedded in 100% 
Spurr’s epoxy resin in flexible silicone rubber molds. To cure the resin, polymerization was performed for 
3 hours at 70° C. After curing, the blocks were trimmed with a razor blade and thin sections were cut 
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using an ultramicrotome and a diamond knife. Copper grids were used to collect the ultrathin sections, 
which were stained using lead citrate and uranyl acetate and observed using a Hitachi H7000 TEM. 


Extraction and amplification of Juniperus pollen DNA 

Samples of J. ashei, J. pinchotii and J. virginiana pollen weighing 0.1 mg were placed in 2 ml 
screw-capped tubes. One millimeter glass beads corresponding to approximately 700 pl of volume were 
placed in each tube containing the pollen grains and 500 ul of Fawley’s extraction buffer (Fawley et al., 
2004) (1 M NaCl, 70 mM Tris, 30 mM Nas2EDTA, pH 8.6), 15 ul of 10 % CTAB extraction buffer and 10 
ul of B-mercaptoethanol was added to each tube. This was followed by bead-beating of the samples in a 
mini bead-beater (Biospec Products, Bartlesville, OK USA) for 3 min and incubation at 75° C for one 
hour. Incubation was followed by addition of 500 ul of chloroform and isoamyl alcohol (49:1) and 
centrifugation at 16,004 g for 20 minutes. The aqueous phase was removed and placed in a separate 
microfuge tube. An additional 500 ul of chloroform and isoamy] alcohol (49:1) was added to the tube 
with beads and centrifuged. The aqueous phase was added to the previous supernatant and an additional 
500 ul of chloroform and isoamyl alcohol (49:1) was added and centrifuged at full speed for 20 minutes. 
Forty five microliters of 3 M sodium acetate and 900 ul of ice-cold, 100% ethanol were added to the 
aqueous phase. Samples were inverted and kept at -20° C for one hour. This was followed by 
centrifugation at 16,004 g for 15 min to pellet the nucleic acid which were washed with 70 % ethanol and 
dried by placing them in a 40° C water bath. Around 20-120 ul of RNAse free water was added to the 
dried pellet depending on the size of the DNA pellet. 


The rbcL region of Juniperus pollen DNA was amplified by the PCR using two universal 
primers: rbcLFJuniperus and rbcLRJuniperus (Wolf et al., 1994; Pryer et al., 2001). Similarly, the 
primers, asheimatKF1 and asheimatKR1 (Table 1.) were designed’to amplify the matK region of J. ashiei 
pollen DNA. Pollen DNA from J. virginiana was amplified using JVmafKF1 and JVmatKR1 (Table 1.). 
A total of 16 ul of PCR mix (final concentration: 10 mM of forward and reverse primer, 5 units of Taq 
polymerase, 10 mM dNTP, 25 mM MgCl, PCR buffer-and water; Promega, Madison, WI) was added to 
each PCR tube. For both rbcL and marK the following amplification protocols were implemented: an 
initial heating step of 5 min at 94° C, 36 repetitions of each of (1) a denaturation step of 1 min at 94° C, 
(2) an annealing step of 45s at 54° C and (3) an extension step of | min 10s at 72°C. All reactions were 
terminated with a final extension of 7 min at 72° C. Agarose gel electrophoresis (0.8% in TBE) was 
performed to verify the presence of suitable amplified products. 


Sequence analysis 

In order to verify the matK sequence for J. ashei, J. virginiana and J. pinchotii, matKJF3, 
matKJR3, matKJF4, matKJR4 primers were designed (see Table 1.). Cycle-sequencing was performed 
with each of the primers and the amplicons were prepared for capillary sequencing using an ABI 3130x1 
Genetic Analyzer (Life Technologies, Grand Island, NY, USA). All sequence fragments were assembled 
by using Sequencher v 4.9 (Gene Codes Corporation, Ann Arbor, MI, USA) followed by a nucleotide 
BLAST search with the query sequences. 


RESULTS AND DISCUSSION 


DIC and TEM of Pollen Grains 

Three different stages of Juniperus ashei pollen were observed using DIC. Stage 1 characterized 
an intact pollen grain with exine, intine and a star-shaped protoplast (Figure 1A). In stage two, the exine 
was released leaving behind the protoplast with the intine. This transformation took place within an hour 
of hydration of the pollen. In the third stage, which occurred after 24 hours of hydration, the intine was 
also released. Stages two and three are evident in Figure 1B. Figure 1C depicts the pollen grain loaded 
with starch grains stained with IKI. 
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The DIC studies of Juniperus pollen were supplemented with the TEM studies, which provided 
more detailed images of the pollen. The wall of the intact pollen grain consisted of an outer exine, which 
is two layered including the ectexine and endexine, and a triple layer intine. The pollen grains contained 
amyloplasts bearing starch grains. Sections of intact pollen reveal the two-layered exine and three-layered 
intine (Figures 2A, B, C, D). A large nucleus, many lipid bodies without any membrane and a developing 
vacuole were also detected. The ectexine surface contains some orbicules (Figures 2A, B, C, D). The 
exine was shed from pollen that was hydrated for one or more hours. The middle layer of intine was 
swollen and the cytoplasm contained amyloplasts (Figures 3A, B, C, D). Cytoplasm from pollen which 
had lost both its exine and outer layers of intine after hydration for 24 hours showed several amyloplasts, 
a large nucleus and many lipid bodies (Figures 4A, B, C, D). Fig 5A and B reveals both amyloplasts and 
mitochondria in the J. ashei pollen after hydration for 24 hours. 


PCR and DNA Sequencing 

The rbcL gene was successfully amplified using DNA extracted from pollen of J. ashei, J. 
pinchotii and J. virginiana pollen DNA by using the rbcL primers (Figure 6A). Similarly, matK species- 
specific primers were used to successfully amplify pollen DNA from J. ashei and J. virginiana (Figures 
6B and 6C). The matK primers for J. pinchotii were not species-specific and thus they amplified pollen 
DNA from all four species of Juniperus. Sequence analysis confirmed that the products of amplification 
for each set of primers corresponded to the targeted gene (KT698211, KT698212, KT698213, 
KT698214). 


Though there are several reports in which LM and SEM were used to study Cupressaceae pollen 
(Duhoux ,1982; Kurmann, 1994; Chichiriccd and Pacini 2008; Danti et al., 2011), few of them used 
TEM. One previous TEM study focused on the morphology of Cupressus sempervirens pollen grains with 
emphasis on exine and intine changes during hydration (Kurmann 1994). Although no mention is made of 
plastids, one image appears to show starch grains (Figure 4, Kurmann, 1994). Similarly, Uehara and 
Sahashi (2000) present a TEM study of wall development in Cryptomeria japonica pollen. Again, starch 
grains are not mentioned but can be noted in several figures (Uehara and Sahashi, 2000). Suarez-Cervera 
et al (2003) used TEM of Cupressus sempervirens pollen grains for the localization of the pollen allergen. 
Although various organelles were labeled in the micrographs, no plastids or proplastids were either noted 
or visible in the published micrographs. 


Here we report the presence of plastids and proplastids in all three stages of pollen hydration; 
these were visible in intact pollen with both exine and intine, pollen without the exine, and pollen without 
the exine and outer layers of the intine. Previous microscopical studies of C. macrocarpa pollen (Hidalgo 
et al., 2003) made no mention of starch grains. However, starch grains can be observed in the LM 
micrographs that recorded the early stages of microsporogenesis (see Figure 1f. in Hidalgo et al., 2003). 
Starch grains are no longer visible in mature Cupressus pollen (see Figure lh in Hidalgo et al., 2003). 


In most angiosperms chloroplasts are maternally inherited and plastid exclusion occurs at various 
stages including during first haploid mitosis, during: sperm cell formation or development and during 
fertilization (Hagemann and Schröder, 1989). In gymnosperms like Sequoia sempervirens, chloroplast 
DNA was paternally inherited whereas, in Cunninghamia konishii (Cupressaceae), maternal inheritance 
of chloroplasts was seen and no paternal linkage was evident (Neale et al., 1989; Lu et al., 2001). Also, 
the Fl individuals from crosses between Cunninghamia lanceolata and Cryptomeria fortunei showed 
maternal inheritance of chloroplast DNA (Qi et al., 1998). Although it has been suggested that paternal 
inheritance of chloroplasts occurs in all gymnosperms (Neale and Sederoff ,1988; Neale and Sederoff, 
1989; Reboud and Zeyl 1994), these studies indicate that maternal inheritance occurs in some members of 
the Cupressaceae. This emphasizes the importance of checking for the presence or absence of plastids in 
the pollen grains of other members of the Cupressaceae. | 
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In our studies, we observed the contents of mature J. ashei, J. pinchotii and J. virginiana pollen 
grains when they came in contact with water. Expansion occurs mainly because of the intine swelling. 
The same expansion and exine rupture occurs when the mature pollen grain reaches a pollination drop and 
may facilitates rapid entry of pollen into the micropyle (Tomlinson and Takaso, 1998; Nepi et al., 2005). 
Our goal was to determine if hydration of the pollen grains was accompanied by changes to the 
microanatomy of the cell. About 10-16% of the pollen grains examined in this study showed at least one 
amyloplast as observed under TEM. We also determined that virtually all pollen grains had proplastids 
even when amyloplasts were not evident. This observation indicates that plastids are retained at least 
through the pollen hydration stage of gametophyte development, Further work is needed to determine 
subsequent stages of plastid inheritance in Juniperus species. 


Primers from nuclear genes such as needly, waxy, phantastica and the internal transcribed spacer 
have been used as pollen markers (Zhou et al., 2007; Longhi et al., 2009) but the use of chloroplast 
primers is limited (Fumio et al., 2013). The preference for nuclear markers in pollen characterization may 
simply be a consequence of a large selection of nuclear genes that are available to the researcher. An 
alternative explanation for this limited use of plastid genes may be the uncertainty regarding the status of 
plastids in pollen grains. Regardless of why there is a dearth of pollen studies that use plastid genes, our 
initial results indicate that the use of chloroplast data from pollen for the study of plant dispersal, pollen 
dispersal (Mohanty et al., 2015) and diversity needs to be explored. Moreover, our results from 
preliminary experiments reveal that the plastid primers can be used in rapid quantification of Juniperus 
pollen as an alternative to the time-consuming and labor-intensive microscopy method (Mohanty et al., 
2016). 


Anemophilous pollen like that of Juniperus are light- weight and can travel long distances in 
large numbers if carried by wind (Levetin and Buck, 1986; Rogers and Levetin, 1998; Levetin and Van de 
Water, 2003; Bunderson et al., 2014). Population geneticists have exploited genetic evidence from pollen 
and seeds in the study of plant dispersal (Ennos, 1994; Jordano, 2010; Hampe et al., 2013). Confirmation 
of plastid gene diversity (Mohanty et al., 2015, 2016) in Juniperus pollen could be used to test hypotheses 
regarding introgression (Hall et al., 1961). 


CONCLUSION 


Our PCR results using chloroplast primers coupled with the TEM images of plastids in Juniperus 
pollen grains from three different species confirmed that chloroplast primers can be used for the 
amplification of DNA from pollen of Juniperus. The evidence of chloroplast DNA in pollen of Juniperus 
opens up new avenues for the study of Juniperus population dynamics (e.g., the invasive J. virginiana). 
Of more immediate impact is the role that plastid DNA will play in the quantification of airborne, 
allergenic pollen from various Juniperus sources. 
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Table 1. List of rbcL and matK primers used in PCR and sequencing. 


Primer name Primer sequences (5’-3’) 

asheimatKF1 ATCCAACAGGTTATTCTTG 

asheimatKR1 TGGATTCTAATGATTTTGT 

JVmatKF1 CGTAAACAGAATCAGAAT 

JVmatKR1 GATTCTCTTTCTTTTGAAA 

matKJF3 GTTCTCCCTGTTCCTTT 

matKJR3 TCAAGACTGCATATCCT 

matKJF4 TCATCTGTTTCATTTTTGGC 

matKJR4 CTCTGTGAACGAGTTTTT 

rbcLFjuniper ATGTCACCACAAACAGAAACTAAAGCAAGT 
rbcLRjuniper TCACAAGCAGCAGCTAGTTCAGGACTC 
rbcLBFyuniper GCAAATACTTCGTTGGCTCA 


rbcLARjuniper TGAGCCAACGAAGTATTTGC 
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Figure 1. Differential interference contrast micrographs of Juniperus pollen (A-C); (A) Intact pollen grain 
of Juniperus ashei with exine, intine and the star-shaped protoplast. (B) Pollen grains of Juniperus ashei 
in which the exine was released leaving behind the intine with protoplast and one pollen grain in which 
exine and intine both were released leaving behind only protoplast. (C) Pollen grain of Juniperus ashei 
with numerous starch grains visible when stained with IKI solution. 


Figure 2. Transmission electron micrographs of intact pollen grains. (A-B) Juniperus ashei intact pollen 
grain and (C-D) Juniperus pinchotii pollen with nucleus, lipid bodies, amyloplasts with starch grain, and 
vacuole. Images show a double-layered exine, a triple-layered intine and orbicules on the exine surface. 
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Figure 3. Transmission electron micrographs of hydrated pollen grains lacking exine. (A-B) Juniperus 
virginiana pollen grain and (C-D) Juniperus pinchotii pollen grain lacking exine. Amyloplasts with starch 
grain and triple-layered intine are evident. 
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Figure 4. Transmission electron micrographs of pollen grains lacking exine and intine. (A-B) Juniperus 
ashei pollen grain and (C-D) Juniperus pinchotii pollen grain lacking exine and most of the intine. It 
represents nucleus, lipid bodies and amyloplasts with starch grains. A: amyloplasts, E: exine, GB: golgi 
bodies, I: intine, LB: lipid bodies, N: nucleus, O: orbicules, P: protoplast, V: vacuoles. 
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Figure 5. Transmission electron micrographs of Juniperus ashei pollen grains. (A-B) Juniperus ashei 
pollen grains with both amyloplasts and mitochondria. A: amyloplasts, M: mitochondria. 


Figure 6. Agarose gel electrophoresis of amplified plastid genes. (A) Juniperus ashei, J. pinchotii, J. 
virginiana and a positive control pollen DNA amplified by rbcL primers (B) Juniperus ashei pollen 
DNA amplified by species- specific matK primers. (C) Juniperus virginiana pollen DNA amplified by 
species-specific matK primers. NOTE: Lane 1: Juniperus ashei pollen DNA, Lane 2: Juniperus 
pinchotii pollen DNA, Lane 3: Juniperus virginiana pollen DNA, Lane 4: Positive control in (A) and 
blank in (B) and (C), Lane 5: Negative control, Lane 6: A-DNA ladder as marker (M). 


